Comprising of two experiments, this study assessed the metabolic, endocrine and appetite-2 related responses to acute and chronic milk consumption in adolescent males (15-18 y). 3
Introduction 32
Snacking has become commonplace and characterizes a major element of modern eating 33
behavior, yet is often considered to contribute to the current obesity epidemic (Chapelot, 34 2011 ). Snacking is defined as an episode of food consumption occurring outside the context 35 of typical main meals, including all food and beverage items (Chapelot, 2011) . Snack foods 36 are readily available in a variety of settings, including the school environment (Savige, 37 Macfarlane, Ball, Worsley, & Crawford, 2007) , and therefore snacking is highly prevalent, 38 particularly among children and adolescents. For example, 98% of 12-to 17-y-old students in 39 a recent UK study reported consuming one or more snacks daily, and this was greatest among 40 male adolescents (Macdiarmid et al., 2009 ). Consequently, snacking contributes significantly 41 to daily energy and nutritional intake in young people (Ovaskainen et al., 2006) , which is 42 potentially problematic and may lead to overconsumption of calories, free-sugars and 43 nutrient-poor, energy-dense foods. Indeed, while the health effects associated with such 44 dietary behaviours are well known (Chapelot, 2011 ) the promotion of more healthful snacks 45 could benefit overall dietary intake, nutritional status and actually act as a marker for 46 healthier eating habits. 47
From a child and adolescent perspective, fruit-juice drinks, sugar-sweetened 48 beverages and milks are frequently reported as common beverage snack items consumed 49 between main meals (Duffey et al., 2012) . Despite fruit-juice providing vitamins, minerals 50 and antioxidants, and sugar-sweetened beverages which hold a negligible nutritive value, 51 high rates of consumption appear to promote weight gain in children and adolescents 52 (Dennison, 1996; Dennison, Rockwell, & Baker, 1997 ; Woodward-Lopez, Kao, & Ritchie, 53 2011). Interestingly, the opposite may stand true for milk-based beverages (Dror, 2014) . 54
Indeed, emerging evidence suggests that milk-based beverages protect against adiposity in 55 children and adolescents (Abreu et beverages with milk or water, but not fruit-juice, is inversely associated with body fatness 58 throughout the transition from childhood to adolescence (Zheng et al., 2015) . Relative to 59 fruit-juice drinks and sugar-sweetened beverages, milk-based beverages are recognized as a 60 nutrient-dense foodstuff and contain a host of constituents that improve the overall nutritional 61 quality of the child and adolescent diet (Fiorito, Mitchell, Smiciklas-Wright, & Birch, 2006) . 62
Outside of the health-related benefits, recent evidence also indicates that high rates of milk 63 consumption are positively associated with academic performance and motivation for 64 learning in adolescents compared to sugar-sweetened beverage intake (Kim et al., 2016) . 65
Efforts to establish the relationship between milk and adiposity have identified several 66 plausible mechanisms, all of which may be attributed to the nutritional composition of milk. 67
Literature from cell and adult studies indicate that dairy calcium stimulates adipocyte 68 lipolysis (Zemel, Shi, Greer, Dirienzo, & Zemel, 2000) , increases energy expenditure (Zemel, 69 et al., 2000) , fat oxidation and faecal fat excretion ( (Dove et al., 2009; Gilbert et al., 2011) and thus reducing energy intake 75 (Dove, et al., 2009 ). In addition, medium chain triglycerides, conjugated linoleic acid and 76 lactose may also be implicated in the role of milk-based foods on reducing energy intake 77 (Aziz & Anderson, 2007) . Taken together, it appears that milk-based beverages have a unique 78 potential to influence elements of energy balance. In this sense, milk contains a host of 79 components and bioactive constituents that act individually, and probably synergistically, to 80 impart beneficial effects on body mass regulation through actions related to appetite, eating 81 behavior and metabolism. It is prudent to highlight, however, that the majority of this appetite 82 and metabolic research has been conducted in adult populations, and at present there remains 83 a dearth of mechanistic information in children and adolescents. 84
According to the acute literature ( (Birch, et al., 1993) , 87 yogurt (Zandstra, et al., 2000) and milk (Mehrabani, et al., 2014) ] reduces energy intake and 88 increases energy expenditure (Apolzan et al., 2006) in children and adolescents (3-to 15-y-89 old). However, these studies are primarily limited to acute child investigations utilizing 90 dissimilar preloads (differing according to volume and energetic content) and single energy 91 intake assessment (laboratory based ad libitum assessment). Moreover, no quantitative 92 measures of subjective appetite and/or appetite-and metabolism-related peptides were 93 included which may have provided valuable insights concerning the mechanisms impacting 94 on appetite and eating behaviour, and thus remains to be examined. Without a better 95 understanding of the mechanisms impacting on appetite and eating behavior following dairy 96 consumption, it remains challenging to reconcile the potential effects of different dairy foods 97 on energy regulation in children and adolescents. Consequently, this study investigated the 98 effect of acute and chronic (28-d) mid-morning milk snack consumption on subsequent 99 metabolic, endocrine and appetite-related responses. 100 101
Materials and Methods 102
Experimental Design 103 A randomized crossover design was implemented with two experimental conditions to 104 investigate the acute effects of milk consumption on subsequent energy intake, circulating 105 concentrations of glucagon-like peptide-1 (GLP-17-36), glucagon, insulin, leptin and blood 106 glucose, energy expenditure and subjective appetite. Experimental visits consisted of mid-107 morning milk (< 2% fat) and an isoenergetic and isovolumetric serving of fruit-juice, each 108 separated by 7-days. To investigate the effects of chronic milk consumption on the 109 abovementioned metabolic, endocrine and appetite-related responses, a parallel design with 110 two intervention groups was used. Participants were randomly allocated to groups, and 111 received either daily mid-morning milk (<2% fat) or an isoenergetic and isovolumetric fruit-112 juice for 28 days. Participants made two experimental visits to the nutrition and metabolism 113 laboratory, which were scheduled on the first (day-0, baseline) and last (day-28, follow up) 114 days of the intervention phase. Participants were matched according to age (16.1 ± 1.1 vs. 115
16.4 ± 0.7 y), body mass (69.4 ± 18.3 vs. 68.2 ± 10.5 kg), body mass index ([BMI] 22.0 ± 5.0 116 vs. 21.6 ± 2.5 kg·m 2 ) and habitual calcium intake (814.5 ± 118.4 vs. 836.0 ± 274.9 mg·d) 117 intake. Habitual calcium intakes were estimated using a validated food frequency 118 questionnaire for determining calcium and vitamin D intake in adolescents (Taylor et al., 119 2009 Participants were recruited from a local secondary school in the North-East of England, after 123 attendance at an initial information seminar. Adolescent males between 15 and 18 y of age 124 were eligible to participate. Eleven male adolescents (mean ± SD; age: 16.5 ± 0.8 y; body 125 mass: 73.4 ± 11.5 kg; stature: 1.8 ± 0.1 m; BMI: 23.3 ± 3.3 kg/m 2 ) were recruited for the acute experiment and another 19 different participants (mean ± SD; age: 16.1 ± 0.9 y; body 127 mass: 68.8 ± 13.9 kg; stature: 1.8 ± 0.0 m; BMI: 21.8 ± 3.7 kg/m 2 ; habitual calcium intake: 128 790 ± 217 mg·d) for the daily experiment. All participants were free of milk-related allergies, 129 diabetes or other metabolic disorders (and medication) known to affect taste, smell and 130 appetite. Participants were instructed to record all food and fluid consumption 24 h preceding the first 139 visit for both the acute and chronic experiments, using a self-report, weighed food diary. 140
Participants were also advised to refrain from caffeine and alcohol consumption (≥ 24-h) and 141 strenuous physical activity (≥ 24-h) before each experimental visit (days-0 and -28 of the 142 daily experiment). Participants were requested to replicate these dietary and exercise 143 behaviors for subsequent experimental visits. Between waking and arrival at the nutrition and 144 metabolism laboratory, consumption of water only was permitted. Participants were 145 requested to record, document and replicate morning water consumption for subsequent 146 experimental visits. was designed to provide 10% of the participants estimated daily energy requirement for 175 protein, fat and carbohydrate (14%, 14% and 72%, respectively) as used previously (Astbury, 176 Taylor, French, & Macdonald, 2014) . 177
Mid-Morning Snacks 178
For both experiments, mid-morning snack items consisted of milk (< 2% fat, Tesco, UK), and 179 an orange fruit-juice (Tesco, UK). All items were isovolumetric (217 mL) and isoenergetic 180 (427 kJ), yet differed according to macro-nutrient composition ( Table 1) . Milk was selected 181 as the dairy preload as this represents the most commonly consumed dairy food for this sex For the acute experiment, participants completed two experimental conditions and 188 were issued with one of the two snacks in a counterbalanced randomized manner. For the 189 chronic experiment, a parallel design with two intervention groups was employed whereby 190 participants were randomly allocated to groups and received either daily milk or fruit-juice 191 for the 28-d intervention phase. During the intervention phase, the lead investigator visited 192 participants on the school campus on a daily basis. A temporary nutrition laboratory was 193 setup within the school where participants arrived between 1100-1115 h daily to consume 194 their mid-morning snack. Participants were registered on a daily basis to monitor compliance, 195 and snacks were consumed in the presence of the researcher (during weekdays only). On 196 Fridays, participants were provided with the snacks for weekend periods. Participants were 197 requested to consume the snacks once daily between 1100-1115 h, and return empty 198 containers the following Monday (as a measure of compliance). 199
Pasta Meal 200
Lunchtime food intake (180 min) was evaluated by means of a homogenous pasta meal and 201 comprised of pasta (Tesco, UK), tomato sauce (Tesco, UK), cheddar cheese (Tesco, UK) and 202 olive oil (Tesco, UK) and provided 859 kJ of energy per 100 g portion (205 kcal; energy 203 contributions 14% protein, 52% carbohydrate and 34% fat). The test lunch was offered ad 204 libitum. Participants were initially provided with 400 g of the pasta meal. Research staff 205 continuously refilled participant's bowls (before the dish became empty) until participants 206 indicated they were comfortably full. Detailed information concerning the nutrient 207 composition of the pasta meal and the method of cooking has been reported in previous 208 studies (Gonzalez et al., 2015) . In addition, similar pasta meals have been used successfully 209 in previous adolescent research ( Rumbold et al., 2013) . Energy intake from the pasta meal 210 was calculated based on the amount consumed and nutritional composition as indicated by 211 the manufacturer. To facilitate this, research staff covertly weighed the meal prior to serving, 212 and immediately following meal termination. 213 
Blood Sampling and Analysis 250
At seven separate intervals, during laboratory visits (for both the acute and chronic 251 experiment), fingertip-capillary (0.3 mL) blood samples were drawn into pre-cooled EDTA-252 treated microvettes. Samples were collected whilst participants lay in a semi-supine position 253 at pre-breakfast (t = 0 min) and at 30, 60, 90, 120, 150 and 180 min following breakfast 254 consumption for the determination of plasma GLP-17-36, glucagon, insulin, and leptin. 255
Research from our laboratory has previously provided affirmation that fingertip-capillary 256 blood sampling offers an appropriate methodological and reproducible approach for the 257 quantification of appetite-related peptides in a resting state (Green, Gonzalez, Thomas, 258 Stevenson, & Rumbold, 2014; Allsop, Rumbold & Green, 2016) . Consequently, pre-259 analytical (e.g. sample treatment) and analytical (e.g. sample handling) procedures were 260 followed as previously described (Green, et al., 2014) . Briefly, microvettes contained 261 aprotinin (33 μL·mL whole blood) and a di-peptidyl peptidase IV inhibitor (30 μL·mL whole 262 blood) for the preservation of GLP-17-36 and glucagon. 263 Subjective appetite data is illustrated in Table 2. In the acute experiment, fasted hunger, 392 fullness, prospective food consumption, and satisfaction was comparable between conditions. 393
This remained true during the post-breakfast period (time-averaged AUC0-90 min). Following 394 the acute mid-morning milk snack, time-averaged AUC90-180 min fullness was lower relative to 395 the fruit-juice snack (20.8 ± 2.6 mm vs. 26.8 ± 4.0 mm, respectively; P = .038 [-6.0 mm; 95% 396 CI: -11.6, -0.4]). Consistent with a reduction in subjective fullness, time-averaged AUC90-180 397 min prospective food consumption was greater for milk relative to the fruit-juice snack (76.9 ± 398 3.5 mm vs. 72.7 ± 3.2 mm, respectively; P = .005 [4.9 mm; 95% CI: 1.8, 7.9]). 399
Following chronic fruit-juice consumption, fasted hunger, fullness, prospective food 400 consumption, and satisfaction were all similar at the intervention follow up (day-28) 401 compared to baseline (day-0). A similar pattern emerged following chronic milk 402 consumption, however, measures of fasted prospective food consumption were elevated at 403 the intervention follow up (day-28) compared to baseline (day-0) (75.1 ± 6.9 mm vs. 58. Accumulating evidence suggests that milk-based dairy foods elicit anti-obesity properties 429 through actions on eating behaviour and metabolism (Aziz & Anderson, 2007 ), yet research 430 concerning the physiological mechanisms impacting on energy regulation among children 431 and adolescents is sparse. To the best of our knowledge, the present study is therefore the first 432 to assess the differential effects of acute and chronic (28-d) mid-morning milk consumption 433 on subsequent metabolic, endocrine and appetite-related responses in adolescent males. The 434 major findings of this study were that acute mid-morning milk consumption increased 435 postprandial glucagon secretion and impacts on eating behaviour, reducing subsequent 436 voluntary energy intake at the next meal (acute experiment), compared with fruit-juice. 437
Alongside increased postprandial insulin secretion and attenuated blood glucose 438 concentrations, reductions in eating behaviour were replicated under free-living conditions 439 when milk was consumed chronically (28-d), whereas the opposite was apparent for fruit-440 juice consumption. Findings arising from this study begin to provide some mechanistic 441 insight that may have contributed to these observations. 442
The observation that acute and chronic mid-morning milk consumption reduces 443 subsequent energy intake supports previous observations in children and adolescents (Birch, 444 et al., 1993; Mehrabani, et al., 2014; Zandstra, et al., 2000) , contributing further to the 445 understanding that milk-based dairy foods exert the potential to impact favorably on eating 446 behavior. In this study, energy intake at the ad libitum pasta meal following acute mid-447 morning milk consumption was 651.3 kJ (155.7 kcal) lower than when consuming fruit-juice, 448 with no significant differences between conditions thereafter. Following chronic milk 449 consumption, energy intake at the ad libitum pasta meal was comparable between baseline 450 (day-0) and follow up (day-28) experimental visits, yet free-living energy intake was reduced 451 by 1910.9 kJ (456.7 kcal), while the opposite was apparent following daily fruit-juice. It has 452 been suggested that sustained reductions in daily energy intake averaging 460 to 690 kJ (110 453 to 165 kcal) may offer an effective approach for preventing excess weight accumulation in 454 children and adolescents (Wang, Gortmaker, Sobol, & Kuntz, 2006) . On the basis of our 455 observations, it would be prudent for future investigations to assess whether milk-based dairy 456 foods provide application to overweight and obese metabolically diseased pediatric 457 populations utilizing longer observation periods. 458
The mechanism by which milk consumption affects eating behavior is not properly 459 understood, however, there are several plausible explanations and constituents of milk that 460 may act synergistically to elucidate its actions. It is widely recognized that dietary proteins 461 are more satiating than energetic equivalents of carbohydrate and fat under most conditions, 462 and suppress eating behavior at the next available opportunity (Anderson & Moore, 2004; 463 Astrup, 2005; Rolls, Hetherington, & Burley, 1988) . In this study, experimental preloads 464 were isoenergetic (427 kJ) and isovolumetric (217 mL), yet differed according to 465 macronutrient composition whereby milk contained considerably more protein than the fruit-466 juice drink (7.5 g vs. 1.1 g). In the present study, we did not observe any capacity for acute or chronic mid-497 morning milk or fruit-juice consumption to impact on measures of energy expenditure or 498 substrate metabolism. Reasons for this may involve the volume of product that was 499 distributed in this study. There is evidence in the adolescent literature that single milk 500 constituents or whole dairy food consumption exerts the ability to affect postprandial 501 metabolism (Apolzan, et al., 2006) . Although only available in abstract from, Apolzan et al. 502 (2006) evaluated energy expenditure (kcal·min) for 240 min after consumption of a high 503 energy (40% of participants energy requirement) low calcium non-dairy control (45 ± 2 mg 504 Ca), supplemental calcium (670 ± 4 mg Ca) or a dairy-based product (687 ± 5 mg Ca) in 505 overweight adolescent male and females. They observed a greater rate of energy expenditure 506 following the consumption of the dairy-based product compared with the low calcium non-507 dairy control, but only in overweight adolescent males. No differences were recorded 508 following supplemental calcium ingestion, which may suggest additional constituents found 509 within milk-based dairy foods act to impact on metabolism. To expand, it is well established, 510 for example, that protein elicits a greater effect on diet induced thermogenesis (20-35% of 511 energy consumed) compared to calorie matched intakes of carbohydrate (5-15% of energy 512 consumed) or fat (0-3% of energy consumed) (Panahi, et al., 2013) , albeit it in adults. 513
Nonetheless, despite the higher protein content of the milk (compared to fruit-juice), it may 514 be that the energy and calcium content of milk used in the present study (~272 mg Ca) was 515 insufficient to elicit a significant effect on postprandial metabolism and may therefore 516 demonstrate a dose response, yet the volume selected was based on nationally representative 517 consumption patterns, and is similar to other snack-based studies. Furthermore, the lack of 518 any effect may be attributed to the fact our participants were of normal weight. 519
The present study was conducted in a manner that reflected a typical school day, and 520 thus practical application in a free-living environment. In this sense, the snack items 521 provided, timing of the mid-morning snack, and volume provided are common for the studied 522 age and sex. Additionally, the authors' believe various aspects of the methodological 523 approach were extremely robust (energy and volume matched snacks, rigorous assessment of 524 subjective appetite, appetite-and metabolism-related peptides, energy expenditure and eating 525 behavior). The results presented from this study may provide some important practical 526 implications. Firstly, the findings of this study provide a strong foundation for further 527 appetite-and metabolism-related research in children and adolescent populations who are 528 metabolically challenged. Based on our findings, it seems milk is an attractive alternative to 529 fruit-juice and sugar-sweetened beverages and may begin to provide initial evidence for 530 stakeholders to help shape the development of future nutrition provision for children and 531 adolescents. Indeed, the inclusion of milk-based foodstuff as a component of a healthy 532 balanced diet is recognized extensively, providing a significant contribution of several 533 essential nutrients (Fiorito, et al., 2006) . Thus, encouraging the consumption of milk at mid-534 morning, over fruit-juice or other energy-dense food snacks that offer little nutritional benefit 535 may positively influence young people's eating habits, especially within the school 536 environment. 537
Caution should be observed when extrapolating the results of this study as the 538 findings are constrained to adolescent males over a relatively modest duration. Moreover, 539
there are a few limitations that warrant mention. Firstly, while our study design provided 540 robust experimental control, the provision of a limited highly palatable meal (cheese and 541 tomato pasta) may have induced an element of overconsumption or progressive dislike for 542 that matter that (if faced with) may have influenced subsequent eating behaviour and thus 543 satiety. In children, the amount of food consumed at a laboratory test meal has been shown to 544 vary in children according to palatability (Keller, Kirzner, Pietrobelli, 545 2009), whereby the presentation of highly palatable foods promoted overconsumption at ad 546 libitum assessments (Fearnbach, Thivel, Meyermann & Keller, 2015; Deighton, Frampton & 547 Gonzalez 2016) . Indeed, this has recently been shown for the meal used in this study 548 (Deighton et al., 2016) . However, the cited study presents evidence that eating behaviour at 549 pasta meal better represents preceding appetite (Deighton et al., 2016) . While it could be 550 argued that presenting a highly palatable single course ad libitum meal may not reflect true 551 eating practices it is important to note that the pasta meal utilised in this study is typical of 552 what is commonly offered in a school setting, and similar meals have been used successfully 553 in previous within-group adolescent research studies (Rumbold et al., 2013) . Secondly, we 554 did not control for factors such as usual breakfast and snacking habits in our sample of 555 adolescent males. Although it could be argued this introduces a number of potentially 556 confounding variables, retrospectively revisiting 24-hour food diaries for pre-trial 557 standardisation few participants skipped breakfast or did not include snacks among their 558 habitual dietary behaviors. Nonetheless, future investigation is certainly warranted to help 559 further establish the longer-term health benefits of milk-based dairy food consumption in 560 children and adolescents, particularly in those who are metabolically compromised. It would 561 also be advantageous to follow on from this body of work by investigating female 562 adolescents and younger populations. 563
To summarize, in an acute setting the consumption of milk influences short-term 564 energy intake, reducing energy intake at an ad libitum pasta meal relative to an isoenergetic 565 and isovolumetric serving of fruit-juice in adolescent males. This was replicated under free-566 living conditions whereby energy intake was reduced following chronic (28-d) mid-morning 567 milk consumption, whereas the opposite was apparent for daily fruit-juice consumption. 568
Acute mid-morning milk consumption increased postprandial glucagon secretion. In addition, 569 chronic (28-d) mid-morning milk consumption elicited an increased postprandial insulin 570 secretion and attenuates blood glucose concentrations. The findings presented throughout this 571 study therefore indicate that acute and chronic mid-morning milk consumption can influence 572 short-term eating behavior in male adolescents, and begin to illustrate that this may be 573 facilitated through integrated endocrine responses. 574
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authors' declare no conflicts of interest. 583 584 11) energy intake (kJ) following acute mid-morning milk snack consumption, relative to an 833 isoenergetic and isovolumetric serving of fruit-juice. Please note: free-living energy intake 834 was considered as calories consumed/reported for the remainder of the study as calculated by 835 weighed food record. 836 11) energy intake (kJ) on the first (day-0, baseline) and last (day-28, endpoint) day of each 838 intervention phase. Grey shaded boxes represent values obtained during the daily milk snack 839 condition (n = 9), whereas grey shaded circles represent values obtained during the daily 840 fruit-juice condition (n = 8). 841 Note: 1 milk (< 2% fat, Tesco, UK), and 2 fruit-juice (Pure orange juice smooth; Tesco, UK). Table 2 . (A) Time-averaged AUC subjective appetite data (n = 11) following acute (A) mid-morning milk snack consumption, relative to an isoenergetic and isovolumetric serving of fruit-juice. (B) Time-averaged AUC subjective appetite values obtained during the daily experiment on the first experimental visit (day 0, baseline), and last (day 28, endpoint) days of the intervention phase. Data following daily mid-morning milk snack consumption (n = 9) is expressed on the left side and data following daily fruit-juice (n = 8) is expressed on the right. All time-averaged AUC values are dichotomised according to post-breakfast (0-90 min) and post-snack (90-180 min) postprandial periods, with Values are expressed as mean (SEM), alongside their corresponding 95% CI. * indicates a difference at the same time point relative to the fruit-juice, whereas ¥ indicates a difference from baseline observation at the same time during the endpoint visit. 
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A. Acute Experiment
